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Abstract
The main objective of this research work is to introduce a new material for wind turbine blades. Al 2024 is selected for the
suitability analysis. Finite element Method or Finite Element Analysis is a approximation techniques used for the analysis of
complex objects and geometries. Wind power or wind energy is considered as a clean source of energy which produces no
environmental harm during operation. The total wind power generation potential of India at a height of 50 m is 50000 MW. In
recent years Indian Government has focused on this renewable source of energy. The main part of this research is to identify
natural frequencies and natural vibration modes of the Al 2024 wind turbine blade. Wind Turbine blade design is a
complex procedure. For the design of wind turbine blade Solid Edge software is used and the model is imported in
ANSYS 14.0 for modal analysis. For the suitability analysis of Al 2024 we have done structural and Modal analysis. The
results of the analysis are used to verify a structure's fitness for use. The analysis results were verified with experimental result
available in literature.
© 2014 The Authors. Published by Elsevier Ltd.
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1. Introduction
Wind energy is to be considered as one of the most viable sources of renewable energy when environmental issues
such as acid rain, climate change, and imbalance of natural resources have been developed due to use of oil, gas and
coal as fuel in power generation. Wind energy is considered as a clean source of energy. Wind power is an
alternative to fuels [1]
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In India wind power accounts for 6% of India's total installed power capacity, and it generates 1.6% of the country's
power. A wind turbine is a rotary machine that extracts energy from the wind. There are two forces acting by wind
on turbine blades known as Lift and Drag force. The Lift Force is perpendicular to the direction of motion of wind
whereas the Drag Force is parallel to the direction of motion of wind. For maximum power generation Lift force
should be large and Drag force should be less.
A wind turbine consists of three elements known as Towers, Nacelles and Turbine Blades. A wind turbine tower
must be stiff and strong so that it can bear the load of turbine blades and generator/nacelles. The stiffness is most
important factor to be considered because tower is also subjected to fluctuating wind loads due to rotation of blades.
Nacelles are considered as a house of shafts, gearbox, generator and others supporting elements. In case of Nacelles
weight is a important factor to be consider not the material. Turbine Blades are required to have an optimum cross
section for aerodynamic efficiency to generate the maximum torque to drive the generators. The turbine blades are
subjected to a wide range of loads like twisting, tension, compression and flapping induced by variable wind loading
[2-3].
The blades must be stiff to avoid hitting the towers when deflected by the wind loads. For any given material the
internal structure will determine the strength and stiffness of the turbine blades. At the same time when we are
considering the strength and stiffness the weight of turbine blades play a important role to determine the cost and
saving from fatigue failure. In general we require a material that is stiff as well as light also in order to minimize the
overall weight of wind turbine system. Al 2024 is stiff and strong having recycling sustainability. In all three
elements of wind turbine, blades are the most critical component for design and analysis. The aerodynamics
efficiency and weight of blades are two critical parameters for design and analysis. Blades are attached to rotor hub
which rotates the generator shaft for producing electricity [6-7].All turbine blades have airfoil shaped cross sections
which utilizes glass fibre reinforced plastics (GFRP) as a blade material. The wind turbine blades functions with
principles of lift to transfer the wind energy into mechanical energy.
FEM is an approximation technique used for numerical solution of acoustic problems, electromagnetic
problems, heat transfer, fluid problems and static and dynamic structural analysis. In finite element method, the
geometry is divided into finite number of small elements and these elements are connected to each other at a point
termed as nodes. Finite Element Method or Finite Element Analysis is a mathematical modelling and analysis tool
used for finding the deformation, natural frequency and mode shape of the Al 2024 wind turbine blades. The
ANSYS workbench is a product of ANSYS software which has two interface areas such as toolbox and project
schematic [4].
A new material Al 2024 is selected based on its inherent properties for the design and analysis of wind turbine
blades. Al 2024 is an aluminium alloy in which copper is the chief alloying element. It is used for the high strength
to weight ratio application. It possesses good fatigue resistance property. Al 2024 has a electrical conductivity of
30% IACS, Young's Modulus of 73 GPa, density of 2.78 g/cm³ and begins to melt at 500 °C. In Al 2024 the alloying
elements includes 0.5-0.6% manganese, 1.3-1.5% magnesium, 4.3-4.5% copper and less than a half a percent of
silicon, zinc, nickel, chromium, lead and bismuth. Al 2024 is used in aerospace industry for the manufacturing of
wings and fuselage structure due to its high strength and fatigue resistance under tension loading. Al have few more
properties like light weight, built in fire protection, ease in inspection, high thermal conductivity, recyclability, and
wide range of surface treatment [8].
Andrew [9] has done a detailed study in his Dissertation named Dynamic Analysis of Both On and Offshore Wind
Turbines in the Frequency Domain. He has done dynamic analysis of all types of wind turbine. This thesis describes
the development of a new frequency domain model with the ability to analyse fully flexible turbines using a Finite
Element analysis approach. He has also concentrated on possibility of sitting wind turbines offshore. The results of
this research work have been verified using Andrew [9] studied. In recent years Uttarakhand government has
selected 14 places in different district having potential of wind energy. For wind energy generation government of
Uttarakhand will install wind turbines at selected places. This research work is based on these details and we have
selected new light weight Al alloy for design and analysis purpose.
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In design of a wind turbine it considered design of the blades, controls, generator, design of the hub, supporting
structure and foundation. IEC 61400 standards are used for wind turbines design and validation [10]. The majority
of commercial turbines are based on Horizontal axis wind turbines (HAWT).The aerodynamics of a HAWT is not
simple. The speed and condition of air is different at blade in comparison to air flow far away from the turbine. All
the wind turbines are designed for survival speed known as maximum wind speed, above which wind turbine do not
survive. The normal survival speed is 60 m/s. It can vary (40-72) m/s. So a wind turbine can have three mode of
operation-Below survival speed, around survival speed and above survival speed. For a given survivable speed the
mass of a turbine is proportional to the cube of its blade length. The maximum blade length depends on strength and
stiffness of material selected for manufacturing. Use of Al 2024 as a blade material reduces rotational inertia which
improves energy capture from sudden gusts [11].
2. Problem Definition and Boundary Conditions
The problem statement is to evaluate the structure's deformations, maximum principal stresses, Von-Mises stress,
and natural frequencies for Al 2024 wind turbine blades. The deformation and stresses are calculated by structural
analysis. Natural frequency and vibration mode shapes are obtained by modal analysis. Solid edge software [5] is
used to model the turbine blade and ANSYS 14.0 [4] to find the natural frequency and vibration mode shapes. The
study is limited to single blade study without assembly. It is assumed that the behavior of all the blade will be
identical under same loading conditions.
3. The Cad Model
The CAD software SOLID EDGE is selected to prepare the solid model of the Al 2024 wind turbine blade. The
CAD model is shown as figure 1. The blade geometry is similar about the axis of blade. In general a turbine
assembly consist of three blades identical in design parameters and manufacturing. Blades are fixed in a turbine hub
subjected to various loading conditions according to speed.
Figure.1. CAD Solid model of Al 2024 Wind Turbine Blade
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Figure.2. Meshed Model of Al 2024 Wind Turbine Blade
After the completion of the model the IGES file is imported from the SOLID EDGE to ANSYS 14.0 software for the
analysis. The main step of the FEM based analysis is to divide the blade in small pieces called elements and these
elements are connected at nodes. The meshed model of blade is shown in figure 2. It consists of 30798 nodes and
6930 elements.
4. Structural Analysis
The static structural analysis is done by using ANSYS 14.0 workbench. The one end of wind turbine blade is
supported by the hub and another end is free in air. In this study the hub end is provided a constant angular
velocity of 10 rad/sec and different values of deformations and stresses are calculated.
Structural analysis is the determination of the effects of loads on physical structures and their components. It
computes structure's deformations, stresses, support reactions, accelerations, and stability. Figure 3 shows the total
deformation of Al 2024 Wind Turbine Blade, we found that the maximum deformation takes place at tip of the
blade and minimum at hub end whereas the deformation at others part is normal. Figure 4 shows the equivalent
elastic strain, by Figure 4. We found out that near the tip area the strain is 3.2169e-7 unit. Overall strain value is
minimum for the current design of Al 2024 wind turbine blade.
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Figure.3. Total Deformation of Al 2024 Wind Turbine Blade
Figure.4. Equivalent Elastic Strain
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Figure.5. Maximum Principal Stress
Figure. 6. Minimum Principal Stress
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Figure.7. Equivalent Von-Mises Stress.
Figure 5 shows the variation of maximum principal stress for Al 2024 wind turbine blade. Figure 6 shows the
variation of minimum principal stress. Figure7 shows the variation of von-mises stress. The von misses stress
gives minimal stress around the neutral axis of the blade. From the above shown results, it is clear to analyze
that at some specified location in the blade there is a high deformation, various stress and strain behaviours are
viewed and so careful selection of material and finite element calculations are need to be done before conducting
a structural behaviour of the blade.
5. Modal Analysis
ANSYS 14.0 workbench is selected for modal analysis and the load is selected by program automatically. The first
06 order vibration mode of Al 2024 wind turbine blade is shown in figure 8.
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(a) First order vibration mode.
(b) Second order vibration mode.
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(c) Third order vibration mode.
(d) Fourth order vibration mode.
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(e) Fifth order vibration mode.
(f) Sixth order vibration mode.
Figure.8. The first Six orders vibration mode of the Turbine Blade.
Al 2024 wind turbine blade is subjected to forced vibration conditions. There are two motion supported boundary
conditions for which simulations are performed. In free-free boundary conditions all DOF of boundaries are
subjected to variations. In the displacements of boundaries are set to automatic under the materials conditions fixed-
fixed boundary conditions guarantee that all degrees of freedom are constrained in boundaries. The FEM
based software ANSYS.14.0 version solved the Al 2024 wind turbine blade modal analysis and we find the natural
frequency and mode shapes.
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The mode shapes of turbine blade shows the deflection at different natural frequencies. The red colour area shows
maximum deflection and chances of failure are maximum at these points. In order to prevent failure the external
excitation should be prevented corresponding to nature frequencies. In general the maximum deflection occurs at the
tip of the blade because this part is far away from the hub so it is subjected to more torsional and vertical forces. The
light blue coded area is minimum deflection area.
6. Results and Discussions
For free Vibration analysis of Al 2024 wind turbine blade modal analysis using ANSYS 14.0 was conducted.
Through our study we have find the deformations, stresses and natural frequencies for first six modes shape of Al
2024 wind turbine blade as shown in different figures. Figure 9. shows the Vibration Mode v/s Natural Frequency of
the Al 2024 wind turbine blade. The analysis results were verified with experimental result available in literature
Andrew [9]. Andrew have studied the on and offshore wind turbines. According to his experimental investigation
the maximum deformation occurs at tip (figure. 3) and the stresses are very less for Al lightweight materials.
Figure.9. Vibration Mode v/s Natural Frequency of the Al 2024 wind turbine blade
7. Conclusions
This research work provides a detail study of Al 2024 wind Turbine blade using structural and modal analysis.
Current analyzing trends are summarized, and several analysis results of blades are presented. Preliminary blade
designs were developed for 25m height, and workbench analysis were performed to investigate the potential benefits
and options for inclusion of Al 2024 material and blade structure are discussed within the context of FEM analysis.
Manufacturing rate will dominate choices. Carbon fibre-reinforced polymer (CFRP) and glass fibre-reinforced
polymer (GFRP) woven composites are widely used in aerospace, automotive and construction components.
ANSYS software has powerful analysis capabilities and SOLIDEDGE software has a powerful function of solid
modeling. They are suited for Finite Element Analysis of complex shapes. The3D solid model is prepared by
applying SOLIDEDGE software and is transferred to ANSYS 14.0. In this research work we have considered the
structural and vibration problem of the Al 2024 wind turbine blade using FEM method. The analysis results were
verified with experimental result available in literature.
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